[Purpose] The purpose of this study was to investigate the differences of sensory nerve fiber degeneration rates with duration of diabetes mellitus, as well as the difference in the degeneration rate of nerve fibers by selectively providing stimulation to the A-beta, A-delta, C fibers and measuring the current perception threshold (CPT) of diabetic patients.
INTRODUCTION
Among Korean neuropathy cases, 30.8% of patients have diabetic neuropathy and the number of diabetic neuropathy patients abruptly increases over the age of forty 1) . Generally, as diabetes mellitus progresses the occurrences of diabetic neuropathy increases. If abnormality in nerve conduction studies without subjective symptoms is included, neuropathy is found in almost 100% of the diabetic patients 2) . Neuropathy, one of the most common complications of diabetes mellitus (DM), shows symptoms caused by sensory nerve abnormality at an early stage 3) . As the disease progresses, it invades to the motor nerve and manifests as muscle weakness or muscle atrophy. The clinical symptoms include hyposensitivity, dysesthesia, pain and loss of DTR (deep tendon reflex) 4) . Pain is a common problems for patients in rehabilitation. Although inquiry and physical examination according to symptoms are the most important findings for a diagnosis of neuropathy, they cannot be used at an advanced stage of the disease or for follow-up because they have tests that are very subjective and qualitative 5) . In addition, a nerve conduction study sometimes provides normal readings even though there is diabetic neuropathy, which indicates a high probability of losing time for interventions by physical therapy 6) . Therefore, the current perception threshold (CPT) test has recently been developed in order to measure the sensory threshold. The CPT test is a useful examination method that allows selective evaluation of various kinds of nerve fibers including A-delta fibers and C fibers, and measures the current perception threshold, at different frequencies of electric stimulation 7) . In this study, we investigated the usefulness of therapeutic interventions for neuropathy at the early stage by studying the change in sensory nerve perception with the duration of diabetes mellitus by stimulating A-beta, A-delta and C fibers, utilizing the characteristics of the current perception threshold (CPT) test.
The subjects of this study were outpatients who visited D Hospital Department of Neurology with complaints of significant neuropathic symptoms including dullness, numbness and paraesthesia. Those who were chronic drinkers (alcoholic) or those who had a history of taking medications such as antituberculosis or anticancer drugs, muscloskeletal diseases, entrapment neuropathy, myeloradiculopathy and peripheral vascular diseases were excluded from the study. Stimulations of 5 Hz, 250 Hz and 2,000 Hz were generated with a Neurometer CPT (Neurotron Inc., Baltimore, MD, U.S.A.) and delivered selectively to C fibers, A-delta fibers and A-beta fibers.
The measurement of the current perception threshold was performed manually. The intensity of the stimulation at 2,000 Hz increased to 0.01 mA. For cases who had difficulty in sitting or walking, measurements were made while subjects sat in a wheelchair at rest for 5 minutes. Two electrodes coated with gel, used as the conductive medium, were attached to each subject's bilateral DIP (distal interphalangeal) joints of the first toe to search for legs that had a peroneal nerve dysfunction. The Neurometer CPT was used to check peroneal nerve dysfunction in each subject. The current was increased until the patients began to feel the current at the skin where the electrodes were attached, and the perception threshold was measured within 20 μA of error by actual stimulations or pseudostimulations to the patients 6 to 10 times at an intensity equal to or of higher than that determined in a single blind study. The perception threshold at 250 Hz and 5 Hz was measured in the same manner. For the statistical analysis, the independent t-test was used to investigate differences in the threshold values. The statistical software used was SPSSWIN (ver. 17.0) and a significance level of p<0.05 was chosen.
RESULTS
There were 224 experimental subjects of whom 64.7% were men and 35.3% were women. The men's average age was 42.61 years and the women's was 42.15 years. The average duration of DM was 47.55 months among the men and 58.75 months among the women. The average blood concentration of hemoglobin Alc (HbAlc) was 9.2 mg/dl.
The thresholds values of nerve fibers were measured in order to examine the changes in the degeneration rate between nerve fibers in both the right and left lower limbs. The results show that there were no significant differences in the threshold values of the A-beta and A-delta fibers between the right and the left sides, while the threshold value of C fibers was low (p<0.05). A comparison of the right and the left sides revealed no significant differences in the threshold values of each fiber ( Table 1 ). The threshold values of nerve fibers were also measured in order to examine the differences in degeneration rates among nerve fibers as DM progressed. Starting from the time the disease was first diagnosed, the duration categories were divided as follows: less than 1 year, 1 year to less than 3 years, 3 years to less than 5 years, 5 years to less than 10 years, 10 years or longer. Variation of the threshold values of the nerve fibers depending on the duration of DM was investigated and the results are as follow. In the case of the right lower limb, the threshold value of A-beta fibers varied with DM duration (p<0.05); the threshold values of the group with 10 years or longer DM duration were higher than those of the groups of other durations according to the post hoc test. The threshold values of A-delta fibers also varied with DM duration (p<0.05); the threshold values of the group of DM duration from 5 years to less than 10 years was not significantly different from that of the group of 10 years or longer duration. However, the threshold value of the 10 years or longer duration group was higher than that of the groups of other durations (p<0.05) according to the post hoc test. On the other hand, no variation with durations was found in the case of C fibers. The left lower limb did not show significant variation of nerve threshold values with DM durations. Although there were no significant variations of nerve threshold values with duration, according to post hoc test: the threshold value of the 10 years or longer group was higher than those of the 1-year group and 1 year to less than 3 years group in the case of A-beta fibers the threshold value of A-delta fibers in the 10 years or longer group was higher than those of the DM duration groups of less than 1 year, 1 year to less than 3 years, and 3 years to less than 5 years; and the threshold value of C fibers in the 10 years or longer group was higher than those of the DM duration groups of 1 year to less than 3 years (Table 2) .
DISCUSSION
Neuropathy caused by diabetes mellitus can be a very important disease from the viewpoint of physical therapy since it can increase the risks of fracture and soft tissue injury in falls by reducing patients sensory and motor control ability, and it also accelerates the degeneration of joints and their surrounding tissues, thus causing various kinds of secondary disability 8) . It has been known that symptom and neurological examination, sensory loss, and electrophysiological studies should be included in the diagnosis criteria of neuropathy, and a quantitative sensory test is one of the most meaningful diagnosis methods 9) . Thus, for this study, we employed a quantitative electrophysiological diagnosis method that evaluates selective peripheral nerve function by measuring the minimum current that is felt by the nerve fiber through the sensory nerve. Neurometer CPT is an instrument that is used in clinical practice for the evaluation of peripheral neuropathy and diabetic neuropathy by measuring the sensory threshold. Intraclass correlation coefficients of measurers range between 0.81 and 0.86, and interclass correlation coefficients among measurers were higher than 0.78, indicating its high reliability 10) . The current perception threshold test is designed to test the abnormality of nerve fibers in peripheral nerves by delivering percutaneous current stimulation which can be felt by the subject through the sensory nerve and examining the sine waves at different frequencies 7) . In this study, the variation in threshold values with DM duration of nerve fibers was investigated. The results show that there were significant differences in of the threshold values across all duration groups except the group of 3 years and less than 5 years durations, and that the threshold values of A-beta fibers, and A-delta fibers were significantly higher than that of C fibers. In the case of left lower limb, there was variation among the DM duration groups of less than 1 year, from 1 year to less than 3 years, and 10 years or longer. The threshold values of A-beta fibers and A-delta fibers were higher than that of C fibers, but they were not significantly different. These results suggest that the degeneration of Abeta fibers and A-delta fibers that have myelin is more rapid than that of C fibers that are without myelin. The degeneration rate was significantly higher in the DM duration group of 10 years or longer. Therefore, therapeutic interventions should be applied at the early stage of neuropathy.
